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ABSTRACT 
Aim:  This systematic review analyzes the impact of factors affecting the 
rehabilitation of maxillary edentulous patients with implant-supported prosthesis. By 
identifying these variables we hope to establish standard treatment protocols for the 
edentulous maxilla. 
Material and methods: The electronic data bases PubMed, Science Direct, and 
Embase were searched for clinical studies of complete maxillary implant supported 
removable and fixed dental prostheses. The analysis was confined to prospective studies 
with a mean follow-up of at least 1 year published prior to February 2017.  
Results: A total of 158 publications were retrieved from the database searches. One 
additional article was included from manual searches. From these, 12 articles were 
included in this study for further analysis using PRISMA. The analysis of the selected 
articles revealed the following findings: 
1. It is difficult to report a definite conclusion from the selected articles in the 
present review because they exhibit a great heterogeneity and differences in methodology.  
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2. High implant and implant supported fixed prosthesis survival rates can be 
achieved when five or more implants were placed in edentulous maxilla. 
3. Whether implants were placed in healed bone sites or fresh extraction sockets 
did not significantly affect the implant survival rate. 
4. Immediate loading of prosthesis did not show a difference in implant or 
prosthetic survival rate. 
5. Continuing follow up is necessary because in fixed type of restoration fractured 
components of prostheses is very commonly seen. 
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INTRODUCTION 
 
A preliminary review of the literature revealed that there is no a standard 
treatment for implant-supported prosthesis in edentulous maxilla. The McGill Consensus 
Conference in 2002 suggested that the first-choice treatment of patients with edentulous 
mandibles was overdentures retained by two dental implants13. There was no consensus 
for treatment of the edentulous maxilla. Numbers and locations of implants, types of 
prosthesis, different systems for anchorage have been widely discussed in treatment 
planning. However, there is no single study which accesses all potential implant-related 
and prosthesis-related variables to determine the most predictable implant- restorative 
modality for the edentulous maxilla. 
Implant and/or prosthesis failure is a costly problem in rehabilitation of the 
edentulous maxilla. Thus it is necessary to isolate factors that may cause failure of 
implants or implant-supported prosthesis and, ultimately, reduce the failure rate. By 
identifying these variables we can begin to establish standard treatment protocols for the 
edentulous maxilla. 
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MATERIAL AND METHODS 
 
PICOS is a specific framework used in defining the questions for the database 
search. It formulates the data base search strategy by focusing on key concepts with well-
focused questions on “Patient or Problem/ Intervention/ Comparison/ Outcome/ study 
design ” 14. It was used to facilitate the initial literature search in this systematic review 
(Table 1). The electronic data bases PubMed, Science Direct, and Embase were searched 
for clinical studies of complete maxillary implant supported removable and fixed dental 
prostheses. The analysis was confined to prospective studies with a mean follow-up of at 
least 1 year published prior to February 2017. 
Keywords and search inquiries included the following: “Jaw, Edentulous, 
Maxilla, implant supported fixed prosthesis, implant supported removable prosthesis and 
titanium implant”. The titles and abstracts of articles obtained were first reviewed to 
identify relevant articles. Full texts resulting from this first screening (PICOS) were 
reviewed. Subsequently, selected full-text articles were reviewed using the inclusion and 
exclusion criteria referred to in Table 2.  
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Table 1. PICOS question 
P Maxillary edentulous patient with an implant-supported fixed or removable 
prosthesis 
I Surgical placement of titanium implants ( without any coating) irrespective 
of implant system, loading protocols, implant number, in either native or 
grafted bone, with or without sinus lift; restoration with implant supported 
fixed bridges, hybrid type denture or removable overdenture. 
C Comparison of: 
Different number of implants 
Implant placement in native or grafted bone/ with or without sinus lift 
Different loading protocols (immediate, early, conventional) 
Different type of prosthesis (overdenture, hybrid, fixed) 
O 1yr Implant survival rate after prosthesis loading 
1yr Prosthesis survival rate 
S Prospective clinical studies 
 
 
 
 
Table 2. Inclusion and exclusion criteria 
Inclusion  criteria Studies include maxillary edentulous patient with an implant-
supported fixed or removable prosthesis. 
 Mean observation time > 1 years after prosthesis loading 
Exclusion criteria Implant placement in pterygomaxillary or zygomatic region. 
 Mean prosthesis loading time and observation time < 1 years. 
 Hydroxyapatite coated implants 
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PRISMA is a more demanding research protocol which provides the rationale for 
the review and pre-planned methodological and analytical approach prior to embarking 
on a systematic review15. The flowchart of the entire search results with this search  
strategy using PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) are shown in Figure 1. 
 
Figure 1. PRISMA flowchart of this systematic review. 
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A total of 158 publications were retrieved from the database searches using 
PICOS. One additional article was included by manual searches of the initial screening 
bibliography. After duplicates removed, the selected was reduced as 90. From these, 25 
articles were identified for full-text evaluation using PRISMA criteria. After analyzing 
the articles with the inclusion and exclusion criteria, 13 articles were excluded (Table3). 
In total, 12 articles were included in this study for final analysis. 
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Table 3. Reasons for articles being excluded after full text analysis 
Matteo Chiapasco (2006) The study included partial edentulism 
Marco Degidi (2006) - 1 
Marco Degidi (2006) - 2 
Marco Degidi （2010) The study analyzed both maxilla and mandible. The 
exact survival rate of maxillary implants were not 
provided. Juan C. Ibañez (2005) 
Anders O¨ rtorp (2004) 
Anders Örtorp (2012) 
Lars Hjalmarsson (2011) The study was designed for edentulous mandible. 
Paulo Maló (2006) Retrospective study design 
Torsten Jemt (2006) 
Joannis Katsoulis (2011) Implant system and implant survival rates were not 
provided in the study. 
A. M. Rodriguez (2000) The Implant system in this study contained HA coated 
implant. The implant survival rate was not discussed in 
the study 
Devorah Schwartz-Arad 
(2004) 
The Implant system in this study contained HA implant. 
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RESULTS 
 
The following information was collected from each of the 12 studies1-12: name 
of author, year of publication, design of study, number of patients involved and mean age 
of patients, type of prosthesis, implant system/ size/ diameters, number of implants, 
implant location, implant placement protocol /grafting, loading protocol, implant and 
prosthesis survival rate, follow up period/ outcome. Below is the analysis table of these 
findings ( Table 4) . 
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Table 4. Analysis Table of the Included 12 Studies 
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The mean follow-up period was greater than 1 year and ranged from 1 to 10 years. 
These 12 articles were evaluated for variables related to both implant survival rates and 
prosthesis survival rates.  
The result of 1 year follow-up studies showed implant survival rates between 84% 
to 100%. In studies with longer term follow up the implant survival rates were 92% for 6 
years follow-up ( article 6),  91% for 5 years follow-up ( article 9) and 93% for 10 years 
follow-up ( article 7). 
The result of these 1 year follow-up studies showed prosthesis survival rates 
between 88% to 100%. In studies with longer term follow up the prosthesis survival rates 
were  93% for 5 years follow-up ( article 9),  100% for 6 years follow-up( article 6), and 
89% for 10 years follow-up ( article 7). 
 
Implant-related variables 
 
Implant survival for healed ridge vs extraction socket as variables  
Within the 12 studies 1 study had implants placed in bone block augmented 
ridges, 6 studies had implants placed in healed ridges and 5 studies had implants placed 
in mixture of extraction sockets and healed ridges. 
No differences were seen between healed grafted ridges and immediate extraction 
sockets. The lowest implant survival rate was seen in article 1. In that study1 with 
implants placed in a bone block augmented ridge the first year implant survival rate was 
84% and three years survival rate was 75%. 
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Implant systems/ implant length as variables  
Within the 12 studies 2 studies did not mention the implant system. The other 10 
studies contain 5 different systems: Branemark, Astra, Straumann, 3i, and Nobel ( It 
should be noted that the 3i and Nobel designs are close to the Branemark implant design). 
The lowest implant survival rates were noticed in the studies using the Branemark system 
( article 1, 8, 9). The implant survival rate ranged from 84% to 93%. 
The length of the implant was not clearly related to the survival rate of implants. 
The implant length ranged from 6mm to 16mm in different studies. The studies using 
short implants (shorter than 10mm) did not show lower implant survival rates. 
 
Number of implants per maxilla as a variable 
Eight studies reported the number of implants per maxilla. In two studies (article 
8 and 9) with 5 implants per maxilla 95% of implants survived.  
In six studies ( article 2, 3, 4, 7, 10, 12), more than 6 implants were inserted per 
maxilla. The implant survival rates were 96.9% to 100% in the first year of loading. In 
article 3 which contained 5, 6 or 7 implants per maxilla there was no comparison on 
number of implants per maxilla.  
 
Implant position in the maxilla as a variable  
Among the twelve studies only three studies mentioned the position of implant 
placement in the maxilla. In article 2 which reported 20 cases, 6 implants were placed per 
maxilla. The design was for placement in the sites of bilateral lateral incisors, first 
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premolars and first molars. The ideal implant position was slightly varied by selecting a 
suitable neighbouring sites. The implant survival rate was 100%. 
In article 4 there were also six implants per maxilla. Each maxilla had 4 upright 
implants in the anterior maxilla and two distal implants which were tilted distal by 25 to 
35 degrees ( to avoid sinus involvement). Two upright maxillary implants and 1 tilted 
implant failed during the first year after placement. Two more failures were recorded 
(one tilted maxillary implant and one upright maxillary implant) during the second year 
of function. The maxillary cumulative implant survival rate was 97% with up to 40 
months of loading. 
In article 11 six implants were placed per maxilla. The implants were distributed 
bilaterally between the 2nd molar positions. Two implants in the posterior region failed 
one year after loading. 
 
Prosthesis-related variables 
 
Type of prosthesis and prosthesis complications 
All prostheses in the 12 studies reviewed were fixed type prostheses. The 
common prosthetic complications include the fracture of the resin superstructure, veneer 
chipping, fracture of one composite resin tooth. Most of the complications could be 
solved and the prostheses were repaired. In most cases of implant failure, after removal of 
failed implants the prostheses were still functional and supported by the remaining 
implants. 
 
 14 
Loading protocol as a variable 
Seven studies had immediate loading after implant placement. However, the 
definition of immediate loading in each article was different. The immediate loading time 
ranged from immediately right after the implant surgery to 72 hours after implant 
surgery. The implant survival rate showed 96% to 100% in first year follow up. The 
prosthesis survival rates were all 100% in the first year follow up. 
Two studies had delayed loading of prosthesis. One study (article 1) had fixed 
prosthesis loaded in 6 weeks and the other one (article 3) was loaded after 6 months. The 
implant survival rates were 88% and 96% in one year. The prosthesis survival rates were 
88% and 100%. 
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DISCUSSION 
 
The edentulous maxilla presents several challenges for implant therapy. Principal 
among them is relatively low bone quality as compared with the edentulous mandible. In 
addition, bone volume varies markedly throughout the edentulous maxilla and between 
individuals. Grafting is often the solution to the bone volume problems. Some studies 
claimed that implant survival in grafted bone is lower than in native bone. However, in 
this review, no differences in implant survival rates were observed between native bone 
grafted sites. The only exception was a single study where implants were used to stabilize 
iliac bone blocks 1 which showed the lowest implant survival rate. 
While no studies included in this review compare the number of implants used as 
a variable (four, six, or more than six), one systematic review18 not included in our 
review suggested that the fixed prosthodontic survival rates were significantly greater for 
restorations supported by six or more implants compared with those supported by fewer 
than six implants. In the present review implant survival rates were 97% to 100% in the 
first year of loading when more than 6 implants were inserted per maxilla. 
 
Implant survival rates in healed ridge and extraction socket 
One of the difficulties in treating the edentulous maxilla is post-extraction bone 
loss. When a bone volume deficiency presents sinus lift and bone augmentation are often 
required to gain sufficient bone height and width for implants. Wang’s study17 evaluated 
the impact of four different augmentation approaches on implant survival rates in 
edentulous maxilla. The review showed that onlay bone grafting presented with 85% of 
 16 
mean implant survival rate. Survival rate ranging from 96% to 100% in GBR technique. 
Survival rate of 90% in Le Fort I interpositional grafting and survival rate was 92% in 
sinus augmentation technique. One report1 suggested that onlay bone grafting had the 
lowest implant survival rate. In that study bone blocks were harvested from iliac bone 
and then implants were inserted to stabilize the bone blocks. The first year implant 
survival rate was 84%. However, after three years the implant survival rate dropped to 
75%. 
A retrospective study not included in our review conducted by Peñarrocha-Oltra 
D18 compared the results of marginal bone loss and implant survival rate 1 year after 
implants had been placed in maxillary molar sites either immediately postextraction or in 
a healed ridge. The results showed that average marginal bone loss was 0.56 mm for 
immediate implants and 0.67 mm for delayed implants. Immediate and delayed implant 
survival rates were 94% and 93%, respectively. The immediate placement of implants in 
maxillary molar sites showed similar results to implants placed in healed sites after 12 
months.  
In five articles (article 2, 4, 5, 10, 11) that included implants in fresh extraction 
sockets and healed ridges, implant survival rates in healed and extraction socket were 
both >90%. In article 2 marginal bone loss was evaluated in immediate and delayed 
implant sites. Twelve months after loading the final fixed prosthesis a bone level average 
of −0.35 mm below the reference point (the abutment connection point )was measured. 
Placing implants in fresh extraction sockets had no negative effect on the marginal bone 
loss, which was similar for implants placed in healed extraction sockets. After 18 months 
of loading implant and prosthetic survival rates were 100%. 
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Number of implants per maxilla 
In six studies more than six implants were inserted per maxilla. The implant 
survival rates were 97% to 100% in the first year of loading. Two studies with five 
implants per maxilla (article 8 and 9) reported 95% implant survival rate in a year follow 
up. 
In article 3 which contained five, six and seven implants per maxilla there was no 
comparison on survival rates of different implant number per maxilla. This study 
concluded that failure of implants is more related to the bone quality. The five failed 
implants in the article 3 were inserted in jaws classified as bone quality 3 or 4 (Lekholm 
& Zarb, 1985. Classification shown in Table 5).  
 
Table 5. Lekholm and Zarb classification system- Based on its radiographic 
appearance and the resistance at drilling, bone quality has been classified in four 
categories. 
Type 1  Bone in which almost the entire bone is composed of homogenous 
compact bone 
Type 2  Bone in which a thick layer of compact bone surrounds a core of 
dense trabecular bone 
Type 3  Bone in which a thin layer of cortical bone surrounds a core of dense 
trabecular bone 
Type 4  Bone characterized as a thin layer of cortical bone surrounding a 
core of low density trabecular bone of poor strength 
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Implant position in the maxilla 
Studies evaluating the effect of the position of implants in the maxilla showed 
high implant survival rates when implants are evenly distributed. Moreover, tilted 
implants placed in the in posterior maxilla do not show lower survival rate. 
In article 2 six implants per maxilla were placed in sites of bilateral lateral 
incisors, first premolars and first molars. The implant survival rates were 100%. 
In article 4 each maxilla had four upright implants in anterior maxilla and two 
distal implants that were tilted by 25 to 35 degrees to avoid sinus. Two upright maxillary 
implants and one tilted implant failed during the first year after placement. Two more 
failures were recorded (one tilted maxillary implant and one upright maxillary implant) 
during the second year of function. The study concluded that tilted implants do not show 
lower survival rate and the use of tilted implants may have several clinical advantages: 
(1) This technique makes it possible to place longer implants which should increase the 
implant-to-bone contact area as well as the implant primary stability. (2) Tilting the 
implant creates a wider distance between anterior and posterior implants, which should 
result in better load distribution. (3) The technique reduces or eliminates the need for 
cantilevers in the prosthesis. (4) The technique can reduce or eliminate the need for bone 
grafting. 
 
Type of prosthesis and prosthesis complications 
Although none of the included 12 articles focus on how to select the right 
prosthetic design for the edentulous maxilla, there are three assessments which determine 
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the type of prosthesis : interocclusl vertical dimension, esthetic, and radiographic 
findings22. 
Analysis of interocclusal distance or restorative space (from crest of soft tissue to 
antagonist occlusal plane) is a major consideration in the selection of prosthetic design. 
The recommended spaces for alternative prostheses are as follows: 
1. Fixed prosthesis: 7 mm.  
2. Fixed complete denture (hybrid ): 11 to 12 mm 
3. Overdenture:  
 A. Locator-retained: 8 to 9 mm 
 B. Milled bar: 11 mm 
 C. Resilient bar: 12 mm 
Esthetic assessment evaluates three factors: maxillary lip support, lip line, 
gingival display and tooth display. Whenever a patient needs buccal flange for lip support 
overdenture should be the first choice. The hybrid design is recommended when 
prosthetic-tissue junction is not shown in the patient’s exaggerated smile. Whenever there 
may be a potential esthetic problems in exposure of the gingival-cervical crown junction 
(difficulties in achieving natural-appearing papillae or symmetrical gingival scalloping), a 
fixed prosthesis is not recommended. 
Radiographic findings allows prosthetically driven treatment planning with 
assessment of the available bone (height, width, and relative density). When bone 
deficiencies are present augmentation may be required. According to Cawood’s study21 
of differences in the resorption pattern of the maxilla and mandible, the differences in 
resorptive patterns often lead to unfavorable denture base relationships. The residual 
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maxillary basal bone is often retrognathic to a relative prognathic mandible22 and this 
unfavorable denture base relationship complicates treatment planning. 
All prostheses in the selected 12 studies were fixed prostheses. Common 
complications include fracture of the resin superstructure, veneer chipping and fracture of 
one composite resin tooth. Most of the complications could be solved and the prostheses 
were repaired. In most cases of implant failure, after removal of failed implants, the 
prostheses were still functional and supported by the remaining implants. 
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CONCLUSION 
 
This systematic review used a specific search strategy to analyze the impact of 
factors concerning the rehabilitation of implant-supported prosthesis for maxillary 
edentulous patients. The following findings were observed: 
1. It is difficult to report a definite conclusion from the selected articles in the 
present review because they exhibit a great heterogeneity and differences in 
methodology. Few long-term studies and randomized controlled trials comparing 
different numbers of implants in the edentulous maxilla are available, and there were no 
studies on removable restorations which met our search criteria. 
2. High implant and implant supported fixed prosthesis survival rates can be 
achieved when five or more implants were placed in edentulous maxilla. 
3. Whether implants were placed in healed bone sites or fresh extraction sockets 
did not significantly affect the implant survival rate. 
4. Immediate loading of prosthesis did not show a difference in implant or 
prosthetic survival rate. 
5. Continuing follow up is necessary because in fixed type of restoration fractured 
components of prostheses is very commonly seen. 
Besides these five observations, we noticed that evidence of comparison on 
implant numbers/ implant position per maxilla with implant supported fixed prosthesis is 
insufficient and evidence on the effect of different opposing dentition/ restoration is 
lacking. To explore answers to these questions and to better establish standard treatment 
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protocols for the edentulous maxilla, we propose a study design for future research using 
the PICOS framework in Table 6: 
 
 
Table 6. Future prototype study using PICOS as a framework 
P Evaluate patients with fully edentulous maxilla and design implant supported 
prosthesis 
I Surgical intervention: Implant placement  
Restorative intervention: Design and restore appropriate prosthesis 
C I. Surgical 
     A. Pattern and state of resorption 
1. Caewood 
2. Lekholm and Zarb classification 
     B. Quality of bone 
                   1. Native bone 
                   2. Grafted bone 
                   3. Immediate implant 
II .Design appropriate prosthesis 
A. Opposing dentition 
1. Angle classification of bone support 
2. Distribution and position 
3. Dentition or restoration 
a. Natural teeth 
b. Partial prosthesis 
1. Fixed 
2. Removable 
c. Full prosthesis 
1. Fixed 
2. Removable 
B. Maxilla 
1. Number of implants 
2. Position 
3. Implant size: diameter and length 
4. Type of prosthesis: 
a. Fixed 
b. Hybrid 
c. Removable 
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Table 6. Future prototype study using PICOS as a framework (continued) 
O I. Implant 
A. Peri-implant bone level 
        1. At time of implant placement 
        2. At time of healing abutment placement 
        3. At time of final restoration  
        4. Maintenance phase 
B. Implant survival rate 
II. Restoration 
   A. Prosthetic complications 
         1. Fracture of abutment 
         2. Fracture of framework 
         3. Fracture of finish materials 
    B. Survival rate of prosthesis 
S Prospective clinical trial 
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